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(57) ABSTRACT

An excitation circuit includes an operational amplifier, a tran-
sistor circuit, a switch, and a pull-down resistor. The opera-
tional amplifier receives an excitation input voltage at a non-
inverting input and provides an operational amplifier output.
The transistor circuit receives the operational amplifier output
and provides a transistor circuit output. The transistor circuit
output is connected to an inverting input of the operational
amplifier. The switch is connected between the operational
amplifier output and the transistor circuit. The switch is
opened to disconnect the operational amplifier output from
the transistor circuit. The pull-down resistor is connected
between an output of the switch and ground, wherein the
pull-down resistor turns off the transistor circuit when the
switch is opened.

13 Claims, 2 Drawing Sheets
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1
FAULT PROTECTION OF A VARIABLE
DIFFERENTIAL TRANSFORMER (VDT)
EXCITATION CIRCUIT

BACKGROUND

The present invention relates generally to excitation cir-
cuits, and in particular to a system and method of controlling
an excitation circuit during fault conditions.

Aircraft systems often utilize variable differential trans-
formers (VDT’s) to measure a linear or rotary position of
mechanical equipment such as, for example, the position of a
rudder, aileron, valve, or pilot control inceptor. VDT s require
a sinusoidal excitation voltage. This excitation may be pro-
vided from, for example, electronic equipment that also uti-
lizes the position information from the VDT to control an
aircraft system.

Both the electronic equipment and the VDT must be pro-
tected in the case of a failure, such as a short circuit between
the excitation output and the VDT. Accommodation of these
failures is often accomplished by shutting off the excitation
circuit. Following shutoff of the excitation circuit, redundant
systems of the aircraft take over and allow for continued safe
operation of the aircraft.

In prior art systems, upon detection of a failure, the output
of the excitation circuit is shut off by turning off a set of
electronic switches such as relays, transistors or similar com-
ponents to disconnect electrical power from the excitation
circuit. In this design, all of the electrical current that flows
from the excitation circuit to the VDT during normal opera-
tion must also flow through the electronic components of the
shutoff circuit. In the case of a short circuit fault, all the excess
current generated by the short circuit must flow through the
electronic components of the shutoft circuit until the failure is
detected and the electronic components of the shutoff circuit
are turned off. Because of this, the electronic components of
the shutoff circuit must be relatively large, high-power
devices that require thermal management to prevent them
from failing during the short circuit condition. It is desirable
to have an excitation circuit that is capable of being shut off
during a failure without the need for high-power devices that
require thermal management.

SUMMARY

An excitation shutoff circuit includes an operational ampli-
fier, atransistor circuit, a switch, and a pull-down resistor. The
operational amplifier receives an excitation input voltage at a
non-inverting input and provides an operational amplifier
output. The transistor circuit receives the operational ampli-
fier output and provides a transistor circuit output. The tran-
sistor circuit output is connected to an inverting input of the
operational amplifier. The switch is connected between the
operational amplifier output and the transistor circuit. Open-
ing the switch disconnects the operational amplifier output
from the transistor circuit. The pull-down resistor is con-
nected between an output of the switch and ground, wherein
the pull-down resistor turns off the transistor circuit when the
switch is opened.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a circuit diagram illustrating a system for control-
ling/shutting off an excitation circuit during fault conditions.

FIG. 2 is aflowchart illustrating a method for controlling an
excitation circuit during fault conditions.
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2
DETAILED DESCRIPTION

An excitation shutoff circuit is disclosed herein that
includes an operational amplifier (“op-amp”) in combination
with an analog switch to reduce power consumption during a
fault. The analog switch is connected between the output of
the op-amp and the transistor circuit. The output of the tran-
sistor circuit is connected to the inverting input of the op-amp
and provides the excitation voltage to the transformer. In the
event of a detected fault within, for example, the circuitry
between the excitation output and a variable differential
transformer (VDT), the analog switch is opened, and a pull-
down resistor connected between the switch output and
ground shuts off the transistor circuit which in turn shuts off
excitation of the transformer. This configuration allows for
low current levels through the analog switch to the transistor
circuit. Because of these low current levels, the analog switch
does not have to be implemented using high power, thermally
managed components. This reduces the overall weight and
cost of the excitation circuit.

FIG. 1 is a circuit diagram illustrating a system 10 for
controlling an excitation circuit during fault conditions. Sys-
tem 10 includes operational amplifier 12, analog switch 14,
pull-down resistor 16, transistor circuit 18, feedback line 20,
input 22, output 24, controller 26 and variable differential
transformer (VDT) 28. Operational amplifier 12 includes
non-inverting input 32, inverting input 34, and output 36.
Transistor circuit 18 includes transistors 38 and 40. Analog
switch 14 is any analog switch such as, for example, a pair of
metal-oxide-semiconductor field-effect transistors (MOS-
FET’s). Input 22 receives an input voltage from any voltage
source, such as an alternating current voltage source onboard
an aircraft. Although illustrated as an excitation circuit for
VDT 28, system 10 may be utilized to provide excitation for
any circuit or device.

During normal system operation when, for example, no
fault is present within system 10, analog switch 14 is closed,
conducting current from output 36 to transistor circuit 18.
Output 36 is provided through switch 14 to enable transistor
circuit 18 which may be, for example, implemented in a
push-pull amplifier configuration. Because of feedback line
20, when transistor circuit 18 is conducting current, a feed-
back loop is created between output 36 and inverting input 34.
This implements operational amplifier 12 as a voltage fol-
lower, which causes the voltage at non-inverting input 32 to
be present at inverting input 34. Because of this, the voltage
provided to non-inverting input 32 is also provided to output
24, which is used to provide excitation to VDT 28.

In the embodiment shown in FIG. 1, transistor 38 is an
NPN-type bipolar junction transistor (BJT) and transistor 40
is a PNP-type BJT. Transistors 38 and 40 may also be imple-
mented as, for example, Darlington pair transistors or metal-
oxide-semiconductor field-effect transistors (MOSFETs).
Transistors 38 and 40 are arranged in a push-pull amplifier
configuration. The bases of each transistor 38 and 40 are
connected to the output of switch 14. The collector of tran-
sistor 38 is connected to a positive voltage source and the
collector of transistor 40 is connected to a negative voltage
source. These voltage sources are any available voltage
sources such as, for example, direct current buses onboard an
aircraft. The emitters of transistors 38 and 40 are each con-
nected to output 24. A push-pull amplifier configuration such
as this acts as a voltage buffer which allows low currents to be
conducted from output 36 to transistor circuit 18, while
higher currents are conducted at output 24 from the voltage
sources. In other embodiments, transistor circuit 18 may be
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implemented as any other circuit that performs similar to that
of the embodiment shown in FIG. 1.

Analog switch 14 is controlled by controller 26 which
maybe be implemented within, for example, an electronic
system onboard an aircraft, such as a helicopter. This may be
the same, or different from, the system for which VDT 28 is
providing position feedback. Controller 26 monitors output
24 for fault conditions using, for example, voltage sensing,
current sensing, or any other method of determining a condi-
tion of output 24. The condition of output 24 may be com-
pared by controller 26 to, for example, a reference condition
to determine if a fault condition is present on output 24.
Controller 26 may open analog switch 14 in response to the
detected fault condition. The fault condition may be any fault,
such as a short circuit between output 24 and VDT 28.

When analog switch 14 is opened, pull-down resistor 16
pulls the voltage provided to transistor circuit 18 to ground.
This terminates the output of transistor circuit 18 and breaks
the feedback loop between output 36 and feedback line 20.
Because of the high input impedance between non-inverting
input 32 and inverting input 34, input 22 is cut off from output
24, which terminates excitation of VDT 28. Pull-down resis-
tor 16 is, for example, any resistor that does not conduct a
significant amount of current during normal operation of
system 10.

In prior art systems that did not include analog switch 14,
two MOSFET’s, for example, may have been implemented
between transistor circuit 18 and each of the positive and
negative power sources. During a fault, controller 26 would
control the MOSFET’s to terminate power to VDT 28. How-
ever, until controller 26 turns off the MOSFET’s, the over-
current present due to the fault would flow through the MOS-
FET’s. Because of this, high power MOSFET’s that may
require thermal management must be utilized, which
increases the overall weight and cost of the system.

By placing analog switch 14 and pull-down resistor 16
between output 36 and transistor circuit 18, analog switch 14
may be implemented using one or more low power devices.
Even during overcurrent conditions, because transistor circuit
18 acts as a voltage buffer, the current levels conducted
between output 36 and transistor circuit 18 remain relatively
low. Because analog switch 14 does not have to be imple-
mented as a high-power circuit that requires, for example,
thermal management, the circuit may be produced with
reduced weight, cost, and increased reliability over the prior
art systems.

With continued reference to FIG. 1, FIG. 2 is a flowchart
illustrating method 50 for controlling an excitation circuit
during a fault. At step 52, input 22 is provided to operational
amplifier 12. Analog switch 14 is closed and thus, input 22 is
provided to output 24. Output 24 is monitored for faults by
controller 26. At step 54, if a fault is detected, method 50
proceeds to step 56. If a fault is not detected, method 50
returns to step 52 and output 24 continues to provide excita-
tion to VDT 28. At step 56, analog switch 14 is opened by
controller 26 in response to the detected fault. At step 58,
pull-down resistor 16 automatically turns off transistor circuit
18 in response to the opening of analog switch 14. This
terminates the output of transistor circuit 18 which terminates
excitation of VDT 18.

Discussion of Possible Embodiments

The following are non-exclusive descriptions of possible
embodiments of the present invention.

An excitation shutoff circuit includes an operational ampli-
fier, atransistor circuit, a switch, and a pull-down resistor. The
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operational amplifier receives an excitation input voltage at a
non-inverting input and provides an operational amplifier
output. The transistor circuit receives the operational ampli-
fier output and provides a transistor circuit output. The tran-
sistor circuit output is connected to an inverting input of the
operational amplifier. The switch is connected between the
operational amplifier output and the transistor circuit. The
switch is opened to disconnect the operational amplifier out-
put from the transistor circuit. The pull-down resistor is con-
nected between an output of the switch and ground, wherein
the pull-down resistor turns off the transistor circuit when the
analog switch is opened.

A further embodiment of the foregoing excitation shutoff
circuit, wherein the transistor circuit is a push-pull amplifier
comprising a first transistor and a second transistor.

A further embodiment of any of the foregoing excitation
shutoff circuits, wherein the first transistor is a bipolar junc-
tion transistor comprising a first base connected to the output
of'the switch, a first collector connected to a first voltage, and
a first emitter connected to the transistor circuit output, and
wherein the second transistor is a bipolar junction transistor
comprising a second base connected to the output of the
switch, a second collector connected to a second voltage, and
a second emitter connected to the transistor circuit output.

A further embodiment of any of the foregoing excitation
shutoff circuits, wherein the excitation circuit is connected to
provide excitation for a variable differential transformer.

A further embodiment of any of the foregoing excitation
shutoff circuits, wherein the switch is an analog switch con-
trolled by a controller.

A further embodiment of any of the foregoing excitation
shutoff circuits, wherein the controller is configured to moni-
tor the transistor circuit output to detect a fault, and wherein
the controller opens the switch upon detection of the fault.

A further embodiment of any of the foregoing excitation
shutoff circuits, wherein the controller is implemented within
an electronic system of an aircraft.

A method for controlling an excitation shutoff circuit that
includes, among other things, detecting a fault within the
excitation circuit, wherein the excitation circuit comprises an
operational amplifier, an analog switch, a pull-down resistor,
and a transistor circuit, and wherein a transistor circuit output
is connected to an inverting input of the operational amplifier,
and the analog switch is connected between an amplifier
output and the transistor circuit output; opening the analog
switch in response to detection of the fault within the excita-
tion circuit; and automatically turning off, using a pull-down
resistor connected between an output of the analog switch and
ground, the transistor circuit in response to opening the ana-
log switch.

A further embodiment of the foregoing method, wherein
the transistor circuit is a push-pull amplifier comprising a first
transistor and a second transistor.

A further embodiment of any of the foregoing methods,
wherein the first transistor is a bipolar junction transistor
comprising a first base connected to the output of the switch,
a first collector connected to a positive voltage, and a first
emitter connected to the transistor circuit output, and wherein
the second transistor is a bipolar junction transistor compris-
ing a second base connected to the output of the switch, a
second collector connected to a negative voltage, and a sec-
ond emitter connected to the transistor circuit output.

A further embodiment of any of the foregoing methods,
further comprising providing the transistor circuit output to a
variable differential transformer.

A further embodiment of any of the foregoing methods,
wherein detecting a fault within the excitation circuit com-
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prises monitoring, using a controller, the transistor circuit
output to detect an output condition; and comparing, using the
controller, the output condition with a reference condition to
detect the fault.

A further embodiment of any of the foregoing methods,
wherein opening the analog switch comprises controlling the
analog switch using the controller.

While the invention has been described with reference to
an exemplary embodiment(s), it will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment(s)
disclosed, but that the invention will include all embodiments
falling within the scope of the appended claims.

The invention claimed is:

1. An excitation shutoff circuit comprising:

an operational amplifier configured to receive an excitation
input voltage at a non-inverting input and provides an
operational amplifier output;

a transistor circuit configured to receive the operational
amplifier output and to provide a transistor circuit out-
put, wherein the transistor circuit output is connected to
an inverting input of the operational amplifier;

a switch connected between the operational amplifier out-
put and the transistor circuit, wherein the switch is con-
figured to disconnect the operational amplifier output
from the transistor circuit by opening of the switch; and

a pull-down resistor connected between an output of the
switch and ground, so as to turn off the transistor circuit
when the switch is opened.

2. The excitation shutoff circuit of claim 1, wherein the
transistor circuit is a push-pull amplifier comprising a first
transistor and a second transistor.

3. The excitation shutoff circuit of claim 2, wherein the first
transistor is a bipolar junction transistor comprising a first
base connected to the output of the switch, a first collector
connected to a first voltage, and a first emitter connected to the
transistor circuit output, and wherein the second transistor is
a bipolar junction transistor comprising a second base con-
nected to the output of the switch, a second collector con-
nected to a second voltage, and a second emitter connected to
the transistor circuit output.

4. The excitation shutoff circuit of claim 1, wherein the
excitation circuit is connected to provide excitation for a
variable differential transformer.
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5. The excitation shutoff circuit of claim 1, wherein the
switch is an analog switch controlled by a controller.

6. The excitation shutoff circuit of claim 5, wherein the
controller is configured to monitor the transistor circuit out-
put to detect a fault, and wherein the controller opens the
switch upon detection of the fault.

7. The excitation shutoff circuit of claim 6, wherein the
controller is implemented within an electronic system of an
aircraft.

8. A method for controlling an excitation shutoff circuit,
the method comprising:

detecting a fault within the excitation circuit, wherein the

excitation circuit comprises an operational amplifier, an
analog switch, a pull-down resistor, and a transistor cir-
cuit, and wherein a transistor circuit output is connected
to an inverting input of the operational amplifier, and the
analog switch is connected between an amplifier output
and the transistor circuit output;

opening the analog switch in response to detection of the

fault within the excitation circuit; and

automatically turning off] using a pull-down resistor con-

nected between an output of the analog switch and
ground, the transistor circuit in response to opening the
analog switch.

9. The method of claim 8, wherein the transistor circuit is a
push-pull amplifier comprising a first transistor and a second
transistor.

10. The method of claim 9, wherein the first transistor is a
bipolar junction transistor comprising a first base connected
to the output of the switch, a first collector connected to a
positive voltage, and a first emitter connected to the transistor
circuit output, and wherein the second transistor is a bipolar
junction transistor comprising a second base connected to the
output of the switch, a second collector connected to a nega-
tive voltage, and a second emitter connected to the transistor
circuit output.

11. The method of claim 8, further comprising providing
the transistor circuit output to a variable differential trans-
former.

12. The method of claim 8, wherein detecting a fault within
the excitation circuit comprises:

monitoring, using a controller, the transistor circuit output

to detect an output condition; and

comparing, using the controller, the output condition with

a reference condition to detect the fault.

13. The method of claim 12, wherein opening the analog
switch comprises controlling the analog switch using the
controller.



